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CC BY-NC-ND license (http://creativeBackground: Lower respiratory tract infections (LRTIs) play an important role in pediatric dis-
eases; however, there are limited data about LRTIs in Southern Taiwan. This study aimed to
investigate the clinical and epidemiological data of LRTIs in this area.
Methods: Children aged under 5 years who were hospitalized at a medical center in Southern
Taiwan with acute LRTIs from July 2010 to October 2010 (summer) and from March 2011 to May
2011 (spring) were prospectively enrolled. Nasopharyngeal aspirates were obtained and sent
for viral cultures, multiplex polymerase chain reaction (PCR), and traditional quick tests.
The clinical features, laboratory data, and imaging findings were recorded and analyzed.
Results: A total of 90 children were enrolled, 70 of whom had detectable pathogens. The pos-
itive rate of conventional viral and bacterial cultures was 25.6%, which increased to 77.77% af-
ter combining with the two multiplex PCR methods. Adenovirus and enterovirus were the most
common viral etiologies identified (26.5% of cases) and Streptococcus pneumoniae was theof Pediatrics, Kaohsiung Veterans General Hospital, Number 386, Dazhong 1st Road, Zuoying District,
m (Y.-F. Huang).
.08.029
Society of Microbiology. Published by Elsevier Taiwan LLC. This is an open access article under the
commons.org/licenses/by-nc-nd/4.0/).
540 C.-A. Chou et al.leading bacterial etiology (46.4%). The seasonal trend of viral infections in Southern Taiwan
was different from Northern Taiwan. There were no differences in demographic data, severity
of disease, or hospital stay between single and mixed infections. A similar result was found be-
tween nonpneumococcal and pneumococcal infections.
Conclusion: Viral infections were the main etiologies of LRTIs in young children. Multiplex PCR
methods are rapid assays that can increase the diagnostic yield rate. Mixed infections do not
seem to affect the severity of disease. Early detection may aid clinicians in appropriate
decision-making and treatment.
Copyright ª 2014, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).Introduction
Lower respiratory tract infections (LRTIs) play an important
role in childhood diseases, and are the leading cause of
child mortality and morbidity worldwide.1,2 Adult LRTIs are
usually caused by bacteria, however the etiology in young
children is mostly viral or mixed infections with bacteria.3,4
Taking qualified samples from the infection sites of these
children is challenging, and the yield rate of conventional
diagnostic tools such as viral, blood, or sputum cultures is
low.5,6 A quick and reliable diagnostic tool would help to
identify the pathogens earlier and aid in making the deci-
sion of whether or not to treat with antibiotics.
Our previous study in the summer of 2010 revealed that
multiplex polymerase chain reaction (PCR) had better
detection rates than conventional viral cultures for adeno-
virus.7 In this study, we added another 45 patients who were
enrolled during spring 2011, and compared the detection
rates between traditional examinations and multiplex PCR.
Several studies have reported that viral activity varies
with seasonal changes, and called this a seasonal trend.8e10
In Southern Taiwan, spring and summer are the two highest
seasons for viral activity, including influenza virus, respi-
ratory syncytial virus (RSV), and human metapneumovirus
(hMPV) in spring, and enterovirus in summer.11 We there-
fore collected samples during these two seasons and
attempted to identify whether there was an obvious sea-
sonal variation, and then compared this with data from
Northern Taiwan. With regards to mixed infections, the
severity of patients with or without pneumococcal in-
fections was also investigated.
Methods
Patients
In total, 90 patients aged under 5 years who were admitted
to the pediatric ward of Kaohsiung Veterans General Hospi-
tal, Kaohsiung, Taiwan during two periods, JulyeOctober
2010, and MarcheMay 2011 (the periods included the start of
new semesters), for an acute LRTI with fever and coughwere
enrolled into this prospective study. The LRTIs included
pneumonia, bronchopneumonia, and bronchiolitis. Children
with fever (>38C), chest X-ray change (focal/segmental
consolidation or alveolar process), and other signs (dyspnea
and/or tachypnea and/or crackles on auscultation) werediagnosed having pneumonia or bronchopneumonia. The
diagnosis of acute bronchiolitis was made by an acute onset
of respiratory distress with cough, tachypnea, retraction,
and expiratory wheezing in patients younger than 2 years of
age. Children with laryngotracheitis were excluded.
Samples
After taking a detailed history, blood samples, and plain
chest X-rays, nasopharyngeal aspirates were obtained from
each patient within 48 hours. All samples were sent for
conventional viral cultures and two kinds of multiplex PCRs.
Most samples underwent additional laboratory examina-
tions including the RSV antigen test, pneumococcal antigen
test, mycoplasma antibody titer, or influenza A þ B quick
test, according to the condition of the patient. Patients
who did not meet the definition of pneumonia or broncho-
pneumonia of this study or who did not receive antibiotics
treatment would not undergo the pneumococcal antigen
test in order to avoid the detection of colonization.
Ethical approval was granted by the Ethics Committee of
the Kaohsiung Veterans General Hospital (VGHKS 99-CT-7-
13). All of the parents of the patients received clear ex-
planations and signed informed consent forms.
Pathogen identification
The molecular methods included two multiplex PCR
methods: the Respiratory Viral Panel (Luminex Molecular
Diagnostics, Toronto, Canada) targeting seven respiratory
viruses (adenovirus, enterovirus, influenza A virus, influenza
B virus, parainfluenza virus, RSV, and hMPV); and the ResPlex
I panel (Qiagen, Hilden, Germany) for adenovirus and six
bacteria (Streptococcus pneumoniae, Chlamydia pneumo-
niae, Mycoplasma pneumoniae, Legionella pneumophila,
Neisseria meningitides, and Haemophilus influenzae). All
procedures followed the manufacturers’ recommendations.
The nasopharyngeal specimens were prepared for con-
ventional viral cultures and inoculated on six cell lines
(MRC-8, Hep-2, Vero, MDCK, RD, and A549). An inverted
microscope was used to observe the cytopathic effects
caused by the viruses every 2 days. An immunofluorescent
assay was used to confirm the viral type of the samples
positive for cytopathic effect.
A BacT/Alert 3D system (Organon Teknika, Boxtel, The
Netherlands) was used for blood cultures. Positive sample
Table 1 Demographic data of the patients with acute
lower respiratory tract infection
Demographic Mean  SD/n (%)
Age, y 2.80  1.26
Sex (male) 54 (60)
Underlying disease 17 (18.9)
Hospitalization day 6.63  2.58
Total fever days 4.91  2.65
Dyspnea 26 (28.9)
WBC ( 109/L) 10.85  4.71
Band form > 5% 8 (8.9)
CRP (mg/dL) 3.43  4.98
CRP Z C-reactive protein; SD Z standard deviation;
WBC Z white blood cell.
Table 2 Number of different pathogens detected by
conventional methods and the two multiplex PCR methods
Conventional
methodsa
Multiplex
PCR
p
Adenovirus 9 17 0.02b
Enterovirus 2 16 0.001b
Influenza (A, B) 2 6 0.22
Parainfluenza virus 4 1 0.38
RSV 3 5 0.51
hMPV 0 8 0.01b
Streptococcus pneumoniae 5 12 0.04b
Chlamydia pneumoniae 0 0 NA
Legionella pneumophila 0 0 NA
Neisseria meningitides 0 0 NA
Haemophilus influenzae 0 9 0.01b
Mycoplasma pneumoniae 5 3 0.63
a Conventional methods here included viral culture, blood
culture, rapid urine pneumococcal antigen test, and myco-
plasma antibody titer test.
b Denotes McNemar’s test, p < 0.05 is statistically significant.
hMPVZ human metapneumovirus; HSVZ herpes simplex virus;
NA Z not available; RSV Z respiratory syncytial virus.
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examined using a Phoenix100 ID/AST system (Becton Dick-
inson Co., Sparks, MD, USA).
Binax NOW S. pneumoniae antigen cards and Binax NOW
RSV cards (Alere, Scarborough, ME, USA) were used to
detect S. pneumoniae C-polysaccharides and RSV fusion
protein antigen, respectively. The influenza AþB quick
antigen test was performed with a QUICKVUE Influenza AþB
test kit (Quidel, San Diego, CA, USA). M. pneumoniae-spe-
cific antibodies were detected by a microparticle aggluti-
nation test (FTI-Serodia-MYCO II, Fujirebio Taiwan Inc.,
Taoyuan, Taiwan). A positive PCR, a four-fold increase in
antibody titer or a single titer 1:640 were considered to
indicate acute M. pneumoniae infection.12
Clinical data
The clinical data of concern included demographic data
(age, sex, body weight, body height, and underlying dis-
eases), symptoms and signs, physical examinations, labo-
ratory data, duration of fever, length of hospital stay,
treatments, and outcomes. Finally, we checked each chart
to compare the patient’s clinical course and the pathogens
identified. If the patients had positive urine pneumococcal
antigen results but recovered spontaneously without anti-
biotics treatment, we would consider it as colonization.
Statistical analysis
The diagnostic outcomes of conventional methods and
multiplex PCR methods were evaluated by McNemar’s test.
The comparisons of continuous variables, such as age, fever
days, duration of hospital stay, and white blood cell
(WBC) count were made between the nonpneumococcal and
pneumococcal infection patients were evaluated by Student
t test. C-reactive protein (CRP) level was evaluated by
ManneWhitney U test due to unequal variance. The
Chi-square test was used to evaluate the association be-
tween various sex, symptoms, physical findings, band form
(>5% vs. 5%), and pathogens with the different status of
pneumococcal infection (nonpneumococcal vs. pneumo-
coccal infection) or seasons (spring vs. summer). Fisher’s
exact test was used if the expected values were <5. SPSS
version 20 (SPSS Inc., Chicago, IL, USA)was used in this study.
A p value <0.05 was considered statistically significant.
Results
A total of 90 children aged 3e60 months (mean 2.8  1.26
years) with acute LRTIs were enrolled in this study. Forty-
five children were enrolled in each season (spring and
summer), and there were no significant differences in the
demographic data (Table 1). All patients recovered without
long-term sequelae.
Comparison of conventional and multiplex PCR
methods
Seventy of the 90 children had detectable pathogens. In
total, 99 pathogens were detected including 71 viruses and28 bacteria. The positive results from the ResPlex I panel
and Respiratory Viral Panel methods were 35.56% and
44.44%, respectively, and this increased to 64.44% when
both methods were combined. Conventional viral and
bacterial cultures were positive in 25.56% of cases, and this
increased to 41.11% when including the RSV quick antigen
test, influenza quick antigen test, rapid urine pneumo-
coccal antigen test, and mycoplasma antibody titer. When
combining two multiplex PCR methods and the aforemen-
tioned conventional tools, the positive rate further
increased to 77.77%.
In patients with adenovirus, enterovirus or hMPV in-
fections, the two multiplex PCR methods offered a signifi-
cantly higher yield rate than conventional viral cultures. In
S. pneumoniae and H. influenzae infections, the PCR
methods also provided a significantly better detection rate
than traditional blood culture and rapid urine pneumo-
coccal antigen test (Table 2).
Figure 1. Seasonal distribution of the different pathogens.
hMPVZ human metapneumovirus; RSVZ respiratory syncytial
virus.
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In this study, viral infections were the main etiologies of
LRTIs in young children (68 viruses out of a total of 96
pathogens). Adenovirus and enterovirus were the most
common viral etiologies identified (18 cases out of a total of
68 viral infections, or 26.5%), followed by RSV (11 cases,
16.2%). S. pneumoniae was the leading bacterial etiology
(13 cases out of a total 28 bacterial infections, 46.4%). Only
influenza A virus showed a significant difference
(p Z 0.012) between spring and summer. Although not
obvious (p Z 0.069), the number of pneumococcal in-
fections increased in the influenza season (summer in this
study; Fig. 1). HSV-1 was identified in three patients. Since
HSV1 tends to cause pneumonia in immunocompromised
patients rather than immunocompetent ones, it is not
illustrated in Fig. 1.
Mixed infections
Mixed infections were noted in 23.3% of the 90 children.
The demographic data and clinical features (i.e., breath
sounds, dyspnea, and laboratory data) showed no signifi-
cant differences between the patients with single and
mixed infections (data not shown). Among the 21 patients
with mixed infection (with 18 kinds of combinations), 12
had both viral and bacterial infections, and two had S.
pneumoniae and H. influenza concurrently.
S. pneumoniae had infected 13 (14.4%) patients in this
study. There were no obvious differences in demographic
data, severity of disease, hospital stay, or laboratory data
between nonpneumococcal and pneumococcal infections
(Table 3). Patients with pneumococcal infection seem to
have higher CRP level (mean values 6.18 mg/dL vs.
2.97 mg/dL), but were not significantly higher.Table 3 Clinical data of the patients with or without
pneumococcal infections
Nonpneumococcal
infection (n Z 77)
Pneumococcal
infection
(n Z 13)
p
Age 2.76  1.30 3.02  1.0 0.51a
Sex (male) 45 (58.4) 9 (69.2) 0.46b
Fever days 4.95  2.69 4.69  2.50 0.75a
Hospital duration 6.57  2.40 7.00  3.54 0.58a
Cough 77 (100.0) 13 (100.0) NAc
Dyspnea 24 (31.2) 2 (15.4) 0.33b
Rales 17 (22.1) 3 (23.1) 1.00b
Wheezing 21 (27.3) 1 (7.7) 0.17b
WBC ( 109/L) 10.95  4.75 10.27  4.64 0.64a
Band form > 5% 7 (9.1) 1 (7.7) 1.000b
CRP (mg/dL) 2.97  3.51 6.18  9.81 0.62d
a t-test was used.
b Chi-squared test was used.
c No statistics were computed because all patients had cough.
d ManneWhitney U test was used.
Data are presented as n (%) or mean  SD.
CRP Z C-reactive protein; WBC Z white blood cell.Discussion
Comparison of conventional and multiplex PCR
methods
Our previous study showed that multiplex PCR methods had
better detection rates than conventional viral cultures for
adenovirus (p < 0.001).7 We included more patients in the
current study and found that the identification of adeno-
virus and also enterovirus and hMPV was significantly
improved with the use of the PCR methods (Table 2).
Similar results have been reported by several studies,13 one
of which reported that PCR methods detected 10 times as
many positive adenovirus samples.14 We identified 23.3%
more pathogens using the multiplex PCR methods, which is
similar to the results of Fremuth el al5 (20%). hMPV is a
pathogen that may cause diseases similar to RSV and par-
ainfluenza, such as acute bronchiolitis in young children.15
Since hMPV is difficult to grow in cell culture, the PCR
method actually plays a role in diagnosis.5,15
Not only viruses but also bacteria such as S. pneumoniae
can be detected more accurately through PCR methods due
to the high false-negative rate of the pneumococcal antigen
test.6 Also, because of low yield rate from blood culture,PCR was shown to be a more sensitive way to diagnose H.
influenzae.16 A recent study even applied real-time PCR to
dried blood spot and found the PCR method to be a valuable
tool for improving the diagnosis of infection caused by S.
pneumoniae and H. influenzae type B.17
In our study, there was no obvious difference between
serology and PCR (p Z 0.625) in diagnosing mycoplasma
infection. Several studies revealed that PCR is superior to
serology for the diagnosis of acute mycoplasma infection,
especially in young children, immunocompromised patients
and at an early stage of infection,12,18 but there is also a
study that has found the opposite.19 Therefore, combining
serological and multiplex PCR methods would be more
reliable when diagnosing mycoplasma infections.
According to the above statements, multiplex PCR
methods provide a quicker and more specific way to detect
Pediatric lower respiratory tract infections 543certain pathogens and can aid doctors in making more
appropriate decisions.
Etiologies of LRTIs
Viral pathogens are considered the predominant pathogens
in community-acquired pneumonia in preschool children.3,4
RSV was the main viral etiology in many articles, followed by
adenovirus in patients aged below 5 years.2,4,20 Another
study from Taiwan showed enterovirus as the most frequent
etiology, followed by RSV and adenovirus,11 which was
similar to our study. It indicates that etiologies vary in
different countries and reminds us of the importance of
local data. Several studies also indicated that S. pneumo-
niaewas the main bacterial etiology of community-acquired
pneumonia,3,21 and were compatible with our result.
Seasonal distribution of viral agents
Respiratory viral agents usually have a seasonal pattern in
temperate and tropical climates. Our center is located in
Kaohsiung, a city in Southern Taiwan with a tropical
climate. In comparison to the subtropical weather in
Northern Taiwan, there are smaller variations in the
average temperature between the two seasons in Southern
Taiwan.11
In the current study, influenza A virus was the only
pathogen to show a significant difference in prevalence
between spring and summer. Typical peaks are usually in
the winter months in temperate locations,10 and occur all
year round in tropical locations.9 Data from Northern
Taiwan have revealed a semi-annual activity, with peaks in
JanuaryeFebruary and JuneeAugust of each year.10 The
findings of the current study revealed more influenza A
virus infections in summer than spring, however this may be
due to the outbreak of influenza A virus (H1N1 subtype) in
Taiwan from July 2010 to February 2011,22 and the results
are therefore not objective enough for seasonality to be
analyzed.
Even though it was not significant (p Z 0.069), the
incidence of pneumococcal infections actually increased
with the number of influenza infections in this study. This is
consistent with the study by Weinberger et al23 in which
influenza activity was associated with obvious increases in
the number of cases of invasive pneumococcal pneumonia
in children and adults.
RSV, a virus with strong seasonal annual activity, has
peak activity during winter months in temperate areas10
and has been reported to be directly associated with
rainy seasons (SeptembereDecember), and inversely asso-
ciated with relative humidity and temperature in tropical
areas.9,24,25 Studies from Northern Taiwan have revealed
that RSV has two peaks in spring and autumn.26,27 The re-
sults of the current study revealed that there were no
obvious variations in RSV between spring and summer, and
also support the theory that RSV circulates for the whole
year in Taiwan.26,27
hMPV can be detected throughout the whole year in
temperate areas, with periods of peak activity from late
autumn to spring (NovembereMay).28,29 One prospective
study concluded that hMPV circulates in Northern Taiwanduring spring and early summer,15 however there was no
difference between the two seasons in the current study.
Both adenovirus and HSV-1 have been reported to occur
sporadically throughout the year without any seasonal
trend in most tropical studies, and this is compatible with
our results.9 Parainfluenza infections have been reported to
have a clear seasonal trend, with yearly outbreaks in the
spring and summer seasons worldwide.29 This conclusion
cannot be proven through this study due to the small
number of positive samples.
Enterovirus infections are usually benign and occur
predominantly in the summer and autumn in temperate
climates.30 In Taiwan, a 10-year study revealed significant
summertime seasonality, and that EV71 infections were
significantly associated with increasing mean temperature
and relative humidity.31 A study from Southern Taiwan also
showed a dominant infection rate in the summer, with two
peak periods annually: MayeJune, and OctobereNo-
vember.11 This is similar to the findings of the current study,
although it cannot be proven through this study.
Due to the different weather conditions, there are var-
iations in the seasonal trend of viral infections between
Northern and Southern Taiwan. Furthermore, it must be
noted that other than climatic factors such as weather and
humidity, viral seasonality is also influenced by environ-
mental factors, human physiology, and human behavior.8Mixed infections with S. pneumoniae
Mixed infections frequently occur in children with LRTIs.
Previous studies have reported that viral coinfections are
found in 33% and mixed bacterial/viral infections in
23e26.5% of patients with pneumonia.3,20,21 In the current
study, there were no obvious differences in either de-
mographics or clinical features between single and mixed
infections. Cilla et al4 reported similar results in that there
was no difference between single and mixed infections in
the severity-related markers such as length of hospital stay,
intensive care unit admission, O2 desaturation and oxygen
usage.
In the post-vaccination era, S. pneumoniae has been
found to play a more important role in young children with
pneumonia, and the incidence may be as high as 44%.3 It
often occurs simultaneously with other bacterial and viral
infections, and can lead to invasive diseases and even
mortality.3,23 In pneumococcal infections, the rate of
pleural effusions, percentage of band forms, and duration
of hospitalization were observed to be significantly
different from other infections in a prospective study of 154
samples.3 In the current study, there were no differences in
demographic data and clinical features between non-
pneumococcal and pneumococcal infections. Because it is
difficult to identify pneumococcal infections from first
clinical patterns, an accurate and quick diagnostic tool such
as PCR is needed.
There were several limitations of our study. First, in
comparing the conventional methods and multiplex PCR
methods, the positive samples of certain pathogens, such
as parainfluenza, RSV, and M. pneumoniae were too few.
Second, data from two seasons only would not be strong
enough to represent seasonality throughout the year.
544 C.-A. Chou et al.Finally, there was no control group and not all cases
received all of the conventional quick tests, which
contributed to bias of this study.
In conclusion, viral infection was the main etiology of
LRTIs in young children and multiplex PCR methods are
rapid assays that can increase the diagnostic yield rate of
most LRTIs. PCR methods are much more expensive than
conventional examination tools, however, and this is a
disadvantage that needs to be overcome. Also, mixed in-
fections did not seem to affect the severity of disease and
there was no significant difference in demographic and
clinical data between nonpneumococcal and pneumococcal
infections. It appeared that making a diagnosis based on
clinical symptoms and simple laboratory data in young
children might be not accurate enough. Early detection of
pathogens is therefore really important and may aid clini-
cians in appropriate decision-making and treatment.
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